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(54) Semiconductor laser 



(57) The object of the present invention to provide 
a semiconductor laser that can be fabricated on a GaAs 
substrate and that has an oscillatton region in the 1.3- 
micron band and thus the semiconductor laser of the 
present inventton has a quantum well layer made of 
GaAsSb in an active reg»n, this active region being 
provided on a GaAs substrate. 
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Description 

BACKGROUND OF THE INVENTION 

1. FieW of the Invention 

The present invention relates to a semiconductor laser, and more particularly it relates to a edge-emitting or surface- 
emitting semiconductor laser that emits in the 1.3-micron band and which can be used in an optical access system or in a 
optical Data-link system. 

2. Description of the Related Art 

An 1.3-rrtcron band semiconductor laser Is an important element for use as a fi^ soiree in an optica! access system. 
Successful lasers made chiefly from InGaAsP. InAIGaAs and InAsP on an InP substrate have been achieved for use In this 
wavelength band. 

However, because the presence of a 1.3^cron band emitting material on a substrate of GaAs enables use of an almost 
self-aligning material such as AIGaAs or AIGatn as an electron-confining layer on a GaAs substrate, it Is possible to greatly 
reduce earner leakage, which is a problem occumng with operation at Ngh temperatures. 

If a material that emits in the 1.3-mk:ron band is used on a GaAs substrate, by using this in combinatton with a 
GaAs/A!As semiconductor multilayer mtnror, it is possible to achieve a surface-emitling laser in the tong wavelength band of 
1.3 microns. 

A stmcture using GalnNAs has been reported on by Kando et al with regard to k)ng-wavetength entitling materials on a 
GaAs substrate. In Electronics Letters. Vol. 32. No. 24 (1996), pp 2244-2245. Kondo et al reported on a laser oscillation at 
1.2 microns, using a quantum weB stmcture of a GalnNAs quantum weB layer and a GaAs harrier layer as the active layer 
on a on a GaAs st^strate. 

There has also been a report of a method of growing a large island-shaped (dot-shaped) non-aligned material on a 
GaAs substrate, so that, for example, an Ing gGao ^As crystal with a lattice misalignment of 3.5% is caused to grow, this 
being used as the active layer in a long-wavelength semiconc^or laser. 

This appeared as a laser using a quantum dot as an active layer, in Electronics Letters. Vol. 30. No. 17, pp. 1416-1417. 

However, with the semiconductor laser reported on by Kondo et al. the quantum wea light-emitting layer has a GalnNAs 
stRiCture, making light emission at 1.3 microns or longer wavelengths dependent upon a further increase in the nitrogen 
component, thereby making it dMicult to form a high-quaity GalnNAs epitaxial growth layer. 

In the case of using an InGaAs dot on a GaAs st^strate. because of the smaB number of ground states of the quantum 
dots, in order to achieve the gain necessary for laser osdllatton. as carriers are injected, carrier injectton reaches a 
high level, resisting in a shorl-waveler^ osdDation. 

For this reason, the maximum wavelength for the case of an InGaAs dot is 1.1 pm. 

It is therefore difficult to fabricate a 1.3 \im wavelength laser using a quantum dot on a GaAs substrate. 

Accordingly, it is an object of the present invention to improve on the above-noted drawback of the prior, by provkling a 
semiconductor laser that can be fabricated on a GaAs substrate, and that has an osdlation region in the 1.3-micron band. 

SUMMARY OF THE INVENTION 

In order to achieve the above-noted objects, the present invention adopts the foBowing basic technical constitution. 

Specifically, one aspect of the present invention is a semiconductor laser which is provkjed with a quantum well layer 
made of GaAsSb in an active region. 

A semiconductor laser according to the present invention makes use of the above-noted constitution, a feature of which 
is the provision of a quantum weB layer made of GaAsSb in an active region, whereby It is possible to form a quantum wefl 
layer on a GaAs substrate and also possible to achieve a semiconductor that has a Bght-emitling region in the 1.3-micron 
band, because of the use of GaAsSb. 

In the present inventk>n, the GaAsSb that fonns the above-noted quantum well layer has a composition that is 
represented as GaAs,.,SbK (where x is the mole proportnn obtained by divkling the Sb mole amount by the total mole 
amount of As and Sb). 

This GaAsSb composrtioa represented by GaASi.,SbK. is a three-element mixed crystal that is based on the two two- 
element mixed crystals GaAs and GaSb. in which the group V elements As and Sb are mixed in a sub-latfice. 

When group V elements mix in this manner in a suMattk:e, the bowing of the band gap increases, and the band gap 
becomes narrow. 

As the amount of Sb content Sb^ is increased, because the GaAsSb lattce constant becomes larger than the GaAs 
lattk:e constant, in order to cause epitaxial growth so that flaws caused by distortnn of the GaAs substrate do not occur, 
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it is necessary to make the thickness of the layer thinner, the geater is the Sb content x. 

For this reason, using a GaAsSb crystal, there is an optimum range of Sb content x over which implementatton is 
possible without reducing the light-emission intensity in the wavelength range from 1.2 pm to 1.3 \xn. . 

Specificalty, it is desirable that the Sb content amount x in the GaAsSb be 0.2 to 0.4 mole with respect to a total of 1 
5 mote for As and Sb combined. 

In this range, it is verified that rt is possible to have a semiconductor laser according to the present inventton emit 
Bght in the wavelength range from 1.2 to 1.35 pm. 

From the newly gained knowledge of the Inventors, in the optimum range of 0.2 to 0.4 mole of Sb content the quantum 
well layer has a composition modulated structure in which there is alternation between two types of GaAsSb compositions 
10 having different Sb compositions, for example between GaAsg gSbtj 4 and GaAso gSbo 2. '"^ a direction that is different 
from the thickness direction, this typicaBy being in a drection that is approximately perpendicular to the thickness direction. 

By virtue of this composition modulated structure, there is further encouragement of the nanxAving of the band gap, 
making it possible to acNeve kxig^velength fght emission with an even smaBer amount of Sb. 

Fig. 7 shows as an example of the above-noted composition modulated structure, a trace of an electron mteroscope 
15 photograph of a quantum weB layer 702 having a composition of GaASo 7Sb^ 3. 

In this example, the quantum well layer 702. which is epitaxiaBy joined to the (100) surface of the GaAs Bght waveguide 
layers 701 and 703. has a structure that alternates between a region 71 1 having a composition of GaAso g Sbo 4 and a 
region 712 having a composition of GaASo gSbQ 

An example of a semiconductor laser according to the present invention will be described in further detail below, with 
20 reference being made to relevant drawings. 

A semiconductor laser according to the present invention is suitable for use in virtually any type of edge-emitting or 
surface-emitling semiconductor laser, in which case it Is possible to use a substrate made of GaAs. 

A typical edge-emitting or surface-emitting semiconductor laser is a so-called double hetero-junction semfconductor 
laser in which the action regton that is tonned between a first light wavegukle layer and a second light wavegukSe layer 
25 having a different electrical conductivity, these each being fonned on a substiBte of GaAs or the like, and a typical edge- 
emitting semiconductor laser is a buried type of semconductor laser. Fig. 1 showing as one example of a semiconductor 
laser of double-channel planar buried hetero^unction (DCPBH) stmcture. 

That is, in the semiconductor laser that is shown in Rg. 1. an active layer 104 that fonns an active region is provided on. 
for example, a GaAs substrate102, with an n-type GaAs buffer layer therebetween, a p-type GaAs dad layer 105. a p-type 
30 GaAs btock layer 106. an n-type GaAs layer 107. a p»type GaAs buried layer 108. and a p-type GaAs cap layer 109 being 
laminated onto the active layer 104 in that sequence, a central stripe part of the active layer 104 being surrounded by 
downward hanging parts 111 of the GaAs btocldng layer 106. In this drawing, the reference numerals 101 and 110 denote 
eieclrodes. 

The semiconductor laser shown in Rg. 2 is caBed a ridge waveguide type semiconductor laser. 
35 As shown in this drawing, an active layer 203 that serves as an active regon and a p-type Bght waveguide layer 204 are 
laminated in this sequence onto an n-type fight waveguide layer 202. 

Additionally, a high-concentration p-type doped contact layer 205 is fonned on ttie p-type light waveguide 204 and. to 
acNeve current pinching, two trench stmctures 210 are provided, and an Insulation film 206 is fomied so that cun^ent does 
not ftow except in a ridge 209 that Is sancMched between these trenches. 
40 In this drawing, the reference numerals 207 and 208 denote a p-type and an n-type contact metal film, respectively. 201 
is a voltage source, and when a voltage is appBed across the metal films 207 and 208. current ftows only in the ridge part 
209. with Bght being emitted from the active layer 203. 
The Bght that is emitted is guded In the ridge stripe drection by the upper and tower Ught wave^de layers. 
The end of the stiipe is an open wait surface, at whKh part of the light is reflected so that overall optical resonance is 
45 estabBshed. In this manner, laser osdBations occur at above a threshold current der^. 

Fig. 3 shows a semk:onductor laser of the surface-emitting type, in whk:h for example on a GaAs substirate 301 are 
fonT«d a multilayer structure n-type and p-type (Sstributed Bragg reflector (DBR) fonned by GaAs/AIAs films 302 and 304. 
between which is formed an active layer 303, with spacers 307 therebetween, which wiD serve as an active region. 

In this drawing, the reference numerals 305 and 306 denote an anode and a cathode, respectively. In the examples 
50 shown in Rg. 1 through Rg. 3. the GaAs film or the Bke that is formed on a GaAs substrate can be formed as an epitaxiaBy 
grown layer that is epitaxiaSy joined to. for example, the GaAs (100) surface. 

In the present invention, In the case in which a quantum well layer made of GaAsSb is provkie in an active regton, 
because it is sufficient to provide a quantum well stnicture part tiiat Includes a quantum well in part or all of the active 
regton, the present invention encompasses the case in which there is also an active regton that includes a quantum well 
55 structure tiiat does not include, for example, a quantum well layer other than a quantum layer made of GaAsSb or a 
quantum weH layer made of GaAsSb. 

In tiiis case, it is desirable that, in a quantum well sti\jcture tiiat includes a quantum well ride of GaAsSb, a barrier 
layer made of a material having a large band gap be provided on both sides of the quantum well layer. 
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For example, in the case in which a hetera>junction boundary is formed using GaAsSb and GaAs, the difference 
between the conduction band energies of GsAssb and GaAs. that is, the value of discontinuity between the conduction 
bands is not that great this being only approximateiy several tens meV. the result being that in order to suppress carrier 
electron leakage at high temperatures, it is effective to create a sandwiching by GaAsSb, which has a larger band gap than 
5 that of GaAs. making it possible to achieve a conduction band dscontinuity of. for example. 0.1 eV or greater. 

SpedficaOy. a substance suitable for use as a barrier layer can be selected from the group consisting of AIGaAs. GaAsP. 
AIGaAsP. GainP. and AIGalnP. Of these materials, if the lattice constant is larger than that of GaAs. there is the effect of 
suppressing compressive distorton of the GaAsSb. tNs resulting in structural stability, an advantage from the standpoint of 
laser reliability. More specifically, it is desirable that the material be selected from the group consisting of GaAsP. 
AIGaAsP. GatnP. and AtGalnP. 

In these materials, by varying the composition of elenrients that are common to Group til or elements that are common to 
Group V, it is possible to achieve a lattice constant that is smaBer than that of GaAs. 

It should be noted, however, that in the case in which a quantum wefl layer made of GaAsSb is sandwiched between a 
bamer layer that has a band gap that is larger than that of GaAs, there is a great change in the quantum level, this 
f5 causing a shift to a shorter wavelength, so that it coukl be diffictit to achieve ight emission in the 1.3-micron band. 

TNs phenomenon becomes prominent when, because of distortion imitations, the thickness of the quantum well layer is 
restricted to 10 nanometers or less. 

In this case, it is desirable from the standpoint of limiting the change in electron quantum level that an intermediate 
layer made of a sUistance having a band edge energy that is intermediate between the band edge energy of the GaAsSb 
2Q that fomis the quantum well layer and the band edge energy of the barrier layer be provkjed between the quantum well 
layer and the barrier layer. 

A material that is suitable for forming this intennediate layer can be selected from the group consisting of GaAs. GaAsP. 
and GaAsN. 

Specmcally, vt/hen the banrier layer is made of AIq 2^30 qAs. an effective material to use as the intennediate layer is a 
25 GaAs layer of approximately 3 molecules. 

Of the cited materials, a material that has a lattice constant that is smaller than that of GaAs is desirable, as this 
would resutt in an improvement in the stability with respect to distoitton of the laminate stmcture and an increase in the 
effect of suppressing a change in electron level. 

Specifically, the material can be selected from the group consisting of GaAsN and GaAsP. In these materials, by varying 
JO the composition of elements that are common to Group 111 or elements that are common to Group V. it is possible to achieve 
a lattice constant that is smaler than that of GaAs. 

Rg. 4 through Fig. 6 show a specific example of an active layers 104 (enlarged part A in Fig. 2). 203. and 204. wNch are 
provided with a quantum weH structure that indudes the above-noted barrier layer and intermetfate layer. 

That is, in the active layer 401 shown in Fig. 4. a plurality of quantum v^ll layers 406 that Include Sb are provWed 
35 between the upper and tawer light waveguide layers 402 and 403. a barrier layer 404 being provided on each side of each 
quantum wed layer 405. 

The exarTf>le of Fig. 5, which is described in detail below, has the same structure as in Fig. 4. 

Next. In the example that is shown In Fig. 6, there is an active layer stmcture that differs from that of the active layer 
512 of Fig. 5, in which , betv^n the lower and upper light wavegukle layers 601 and 602, a plurality of quantum well 
40 layers 604 including Sb are provided, a barrier layer 603 being provided on each side of each of each quantum weO layer 
604, and also an intermediate layer 605 is provided between the quantum weO layer 604 and barrier layer 603. 

A typical tNckness of this quantum weO layer is 50 to 100 Angstroms, there being from 1 to 5 and preferably from 2 to 3 
such layers. A typical thkrkness of the banler layer is 100 to 300 Angstroms, with the thickness of the intermediate layer 
being 3 to 5 molecules, this being 9 to 15 Angstroms. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a cros&-sectk)n view of a DCPBH structure semiconductor laser, whk:h is an embodiment of the present 

invention. 

Fig. 2 is a cross-sectton view of a ridge structure semkx)nductor laser, which is an embodiment of the present 
invention. 
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Fig. 3 is a cross-section view of a surface-emitting semiconductor laser, which Is an embodiment of the present 
invention. 
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Fig. 4 is a cross-section view that illustrates the configuration of an active region that is a feature of a 
sefTBCorxJuctor laser accorcJng to the present invention. 

Fig. 5 is a cross-section view that speciftcalty illustrates the characteristics of the active region of a semiconductor 
5 laser according to the present invention. 

Fig. 6 is a cross-section view that illustrates the configuration of an active region that is a feature of a 
semtconductor bser according to the present invention. 

Fig. 7 is a aoss-section view that illustrates the composition modulated structure of a GaAsSb quantum well layer of 
the present invention. 

Fig. 8 is a drawing of the band structure of a semiconductor laser manufactured as an embodiment of the present 
invKition. 

Fig. 9 is a drawing of the band structure of a semiconductor laser manufactured as an embodiment of the present 
invention. 

Fig. 10 is a drawing of the band structure of a semiconductor laser manufactured as an embodiment of ttie present 
inverrtion. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of a semiconductor laser according to the present invention are described in detail below, these 
25 emlxxtiments achieving the above-noted object of the present invention, but not to be construed as placing any restriction 
on the present invention. 

The first embodiment of ttie present invention is in the fonn of a so-called ridge waveguide semiconductor laser, the 
method of manufacture of which is shown in Fig. 2. 

The epitaxial growth of layers onto a GaAs substrate is done using a gas source molecular beam epitaxy method. 
30 As shown in Fig. 5, first a silicon doped (3 x 10^^ cm^) GaAs buffer layer 502 and then a silicon doped (1 x 
10'^^ cm-^^i) Alo^Gao gAs layer 503, having a thickness of 1.5 pm are laminated onto a silicon doped (3 x 10^% cm"^) GaAs 
substrate, so as to form an n-type 6gW wavegiide 511. 

Next an undoped AIq /3ao bAs layer 506 is laminated to a thickness of 40 nanometers, after wtiich period laminations are 
done of a 10-nanometer undoped GaAs barrier layer 505 and an 8-nanometer strained GaASo ySbg 3 quantum well layer 
35 504. after whteh a 40-nanometer undoped AIq jGao gAs layer 506 is laminated, thereby fomiing an active layer 512 that 
serves as an active region. 

AddtionaBy, onto this active layer 512. a 1.5 pm Be-doped (1 x iO^^^i cm h) AIq ^GBq ^As layer 507 is laminated so as to 
fomi a p-type Sght waveguide 513. and finally a 50-nanometer Be-doped (1 x 10^^ cm*^) GaAs contact layer 508 is fonned 
as a p-type contact layer. 

^ in a ridge stripe laser such as shown in Rg. 2. Ithography.and chemical etcrtng are first used to form trenches 210 on 
tx)th sides of the ridge strip. 

In the area other than the ridge strip upper surface, a 200^nometer-thick SiOj insuiatton film 206 is fonned. so that 
it is possible to insert current in ortly the ridge stripe part 

Then, a Ti/Au p-type metal contact layer 207 and a Ti/Au n-type metal contact layer 208 are formed and alloyed. The 
^ oscillation wavelength of this semiconductor laser at room temperature was 1.29 pm. and the threshold currert density was 
1.0kA/cm^ 

The characteristic temperature from room temperature to 85''C was approximately 80K. 
Rg. 8 shows the band stmcture of the first embodiment of the present invention obtained as described above. 
^ In this drawing, the reference numerals 801. 802. 803. and 804 denote the bands of the GaAs substrate 501. the GaAs 
buffer layer 502. tiie AIq 4Gao.5 As layer 503. and the undoped AIq 2Gao.9As layer 506. respectively. 805 and 806 are the 
bands of the undoped GaAs barrier layer 505 and the strained GaASo. 7 Sbo 3 quantum wefl layer 504, respectively, and 807. 
808. and 809 are the bands of the undoped AIq ^Ga^ eAs layer 506*. the Aio ^Gao gAs layer 507. and the p-type GaAs contact 
layer 508. respectively. 

^ In this embodiment a quantum well layer structure is fonned by the alternating laminations of the GaAs banier layer 505 
and the distorted GaAsSb quarttum weB layer 504. 

A feature of the present invention, as shown in Rg. 8. Is the use of an Sb-based material as the light-emitting layer, and 
tiie achievement of light emission at a wavelength of 1.3 pm or greater on a GaAs substrate. 



EP 0 975 073 A1 

Upon observation or the [ - 110] cross-section of the structure of this GaAsSb layer using a transmission electron 
microscope, a so-called composition modulation, in which the Sb compositton changed with a period of approximately 1 
nanometer in a direction perpendicular to the lamination direction, was observed. 

Rg. 9 shows the band stnjdure of the second embodiment of the present invention, this being for the case in which a 
5 serraconductor laser provided with the same type of active region structure as in Rg. 5 is fabricated. 

In tNs embodnnent periodic lamination is done of three layers, these being a 40-nanometer undoped AIq /BBq ^As layer 
506, a 10-nanometer undoped AIGaAs barrier layer 505. and an 8-nanometer distorted GaASo ySb^ 3 quantum well layer 
504. 

Over this periodic lamination is further laminated a 50-nanometer undoped AIq 2Gao aAs layer 506* so as to form an 
10 active layer 512. In Rg. 9. the reference numerals 901. 902. 903. and 904 denote the bands of the GaAs substrate 501 . the 
GaAs buffer layer 502, the Al^ fi^ ^ layer 503. and the undoped AIq 2Gao sAs layer 506. respectively, 905 and 906 are 
the bands of the undoped AIGaAs barrier layer 505 and the strained GaASg /Sb^ 3 quantum well layer 504, respectively, 
and 907. 908, and 909 are the bands of the undoped AIq fi^^ gAs layer 506*. the Al^ 4Gao ^ layer 507. and the p-type 
contact layer 508. respectively. 

iS By using an AIq gAs layer as the barrier layer 505 of the quantum well layer stmcture. it is possible to make the 
discontinuity in the conduction band approximately 200 meV. theretyy enabling achievement of sufficient electron 
confinement 

When a semiconductor laser having this type of active region was appied to a ridge waveguide type semiconducta laser 
such as in the first embodiment it was found that the light emission wavelength at room temperature was 1.26 pm and the 
20 tnreshold current density was 1.1 kA/fcm^ 

The characteristic temperature from room temperature to 85''C was approximately 100K. 

The reason that the emission wavelength Is shorter than the case of the first embodiment in wNch AIGaAs is used In the 
banier layer is that, by using AIGaAs in the barrier layer, there is a general shift in the electron quantum energy level to 
the high side. 

25 Because AIGaAs is used to achieve a structure v\nth sufficient electron confinement, there was an Increase of the 
characteristic temperature from room temperature up to 85'C to 100K. 

In tNs embodment although the description was for the case of using AIGaAs as the banier layer, it shoUU be noted 
that this can also be made of GaAsP. AlGaAsP. GalnP. or AIGaIn or the like. 

In particular, if the material has a lattice constant that is smaller than GaAs. there is the effect of suppressing 
30 compressive strain of the GaAsSb. ttiis resulting in stmctural stabiBty. an advantage from the standpoint of laser reiability. 

Fig. 10 shows the band stmcture for the case of the third embodiment of the present invention, this being a 
senticonductor laser >A^ch is provided with an active region having the same structure as shown in Rg. 6. 

The active region 512 has a 40-nanometer undoped AIq 2Gao gAs layer 601 and a 10-nanometer undoped AIGaAs layer 
603, whch serves as a barrier layer, and the quantum well layer 604 is an &>nanometer strained GaAs^ ^Sb^ 3 layer, on 
j5 both sides of which are fomned an intermediate layer 605, whk:h has a conduction band energy that is intermediate 
between that of the bamer layer 603 and the quantum well layer 604. 

In this embodiment a 0.9-nanometer GaAs layer is used as the intermediate layer 

A periodic laminatk>n of the above-noted three layers was done to form the quantum well layer in this manner, over 
which a 50^nometer undoped Aio.2 Gag gAs layer 602 was laminated to fonn the active region 512. 

40 In Fig. 10, the reference numerals 1001, 1002, 1003, and 1004 are the bands of the GaAs substrate 501, the GaAs 
buffer layer 502. the AIq ^Ga,, gAs layer 503. and the undoped AJq 2Gao bAs layer 601. respectively, 1005. 1006. and 1007 are 
the bands of the undoped AIGaAs ban-ier layer 603, the distorted GaASo ySb^ 3 quantum well layer 604, and the 
intennedate layer 605. and 1008. 1009. and 1010 are the bands of the undoped Alg^ao.fiAs layer 509. the Al^ 4 Gao.gAs 
layer 507, and the p-type GaAs contact layer 508, respectively. 

45 By using an AIq 2Gao gAs layer as the barrier layer 603 of the quantum well layer structure, it is possible to make the 
non-continuity in the conduction band approximately 200 meV. thereby enabling achievement of sufficient electron 
confinement 

Addtionalty. by providng a GaAs intennedate layer between the quantum well layer 604 and the barrier layer 603, it is 
possible to suppress a shift of electron quantum energy level to the Ngh side and further possible to reduce the influence 
50 from the non-emitting junction centers in the AIGaAs layer 

When a semiconductor laser having this type of active region was appfied to a ridge waveguide type semiconductor laser 
such as In the first embocfiment It was found that the light emission wavelengtt) at room temperature was 1.28 pm and the 
threshold cun'ent density was 0.9 kfiJcm\ 

The characteristic temperature from room temperature to 85'C was approximately 100K. 
55 The reason that the emission wavelength is bnger tiian the case of the second embodiment in which AIGaAs Is used in 
the ban'ier layer is that, by using GaAs as an intermediate layer, there is a suppressbn in the shift in the electron 
quantum energy level to the side. 



EP 0 975 073 A1 

Also, by using a GaAs intermediate layer, the threshold current density is reduced In comparison with the case of the 
second embodiment which uses AlGaAs. 

In this embodiment, although the description was for the case of using GaAs as the barrier layer, it should be noted that 
this can also be made of GaAsP, GaAsN or the like, in which case, if the material such as GaAsN, which has a lattice 
5 constant that is smaller than GaAs is selected, there is the effect of suppressing compressive strain of the GaAsSb, this 
resulting in structural stability, an advantage from the standpoint of laser retiabifity. 

In Fig. 8 through Fig. 10. the reference numerals 811. 911. and 1011 denote the range of each of the active layers. 
White it is posstole to fabricate the above-noted semiconductor lasers using the gas source molecular beam epitaxy 
method, fabrication is also possible using the metal organic vapor phase growth (MOVPE) method ,and it is additionally 
10 possible to use as a light-confining structure of the active region a GRIIM-SCH (graded index separate confinement 
heterostructure) which has a mocfified AlGaAs composition. 

By adopting the technical constitution described in detail above, a semiconductor laser according to the present 
invention, provided v^nth a quantum well layer made from GaAsSb In an active regbn, enables the formation of this 
quantum well layer on a GaAs substrate, and further enables the achievement of a semiconductor laser that emits fight in 
iS the 1.3Hfnicron band, using this GaAsSb. 

Claims 

1. A semiconductor laser comprising a quantum well layer that is made from GaAsSb in an active region. 

20 2. A semiconductor laser according to claim 1. wherein the amount of Sb contained in said GaAsSb is in the range from 
0.2 to 0.4 moles with respect to a tdal 1 mole amount of As and Sb. 

3. A semiconductor laser according to daim 2. wherein a plurafty off said GaAsSb layers are adjacently anianged to each 
other. 
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A semiconductor laser accorcfing to claim 3, wherein said quantum well layer exhibits composition modulation, in which 
the Sb content of said GaAsSb alternates In a direction that is different from the thickness direction thereof. 



5. A semiconductor laser accordng to claim 4, wherein said quantum well layer exhibits composition modulation, in which 
20 the Sb content of said GaAsSb alternates in a direction that is nearly perpencficular to the thid<ness direction thereof. 

6. A semiconductor laser according to daim 3. wherein said Sb content of at least one of said GaAsSb layers is Afferent 
from that of the remaining said GaAsSb layers. 



7. A semiconductor laser accorcfing to daim 1. wherein said active region is provided on a GaAs substrate. 

8. A semicondudor laser according to daim 7. wherein said active region is provided between a first waveguide layer 
having a first conductivity and a second light waveguide layer having a second conductivity that is different from said 
first conductivity. 

^ 9. A semiconductor laser according to any of claim 1 through claim 8, comprising a quantum well structure part that 
includes said quantum weO layer in a least part of said active region. 



ia A semiconductor laser according to daim 9, comprising a barrier layer that has a band gap that is larger than GaAs, 
said barrier layer being disposed on both sides of said quantun well layer. 

11. A semiconductor laser according to claim 10, wherein the material used to fonn said barrier layer is selected from the 
group consisting of AlGaAs. GaAsP. AIGaAsP. GalnP and AJGalnP. 

12. A semiconductor laser according to claim 10, v^erein the lattice constant of said barrier layer is smaller than the 
50 lattice constant of GaAs. 

11 A semiconductor laser according to claim 12, wherein the material used to fonn said barrier layer is selected from the 
group consisting of GaAsP. AIGaAsP. GalnP. and AIGalnP. 

53 14. A semiconductor laser according to claim 10. further comprising, between said quantum well layer and said banier 
layer, an intennediate layer that is made of a material that has a band edge energy that is intermediate between the 
band edge energy of said quantum wefl layer and the band edge energy of said barrier layer that fonfns said quantum 

well layer. 
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15. A semiconductor taser according to claim 13. wherein the material that forms said tntennediate layer is selected from 
the group that consists of GaAs. GaAsP. and GaAsN. 

16. A semiconductor laser according to daim 14, wherein the lattice constant of the material that forms said irrtennediate 
layer is smafier than the lattice constant of GaAs. 

17. A semiconductor laser according to daim 16, wherein the material that forms said mtemiediate layer Is selected from 
the group that consists of GaAsN and GaAsP. 
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Fig. 3 
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Fig. 5 
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Fig. 9 
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